Using a nonparametric method to characterize Markovian operators, we describe the evolution of the short-run inflation processes among the EMU countries between 1996 and 2012. While a progressive clustering pattern can be outlined in the first half of the period -showing that the monetary union makes price dynamics more homogeneous -starting from 2004 an increase in price volatility makes the clustering pattern unstable, as the analysis of the changing points of the inflation processes confirms. 
Introduction
Several studies show that the adoption of a common currency has led to an increase or to negligible changes in the inflation di↵erentials among the countries belonging to the European Monetary Union (EMU) (see Angeloni Holmes, 2008 for a partially alternative view). In fact, the convergence of the inflation rates is a prerequisite for the admission to the EMU, but the di↵erentials may persist or increase once the currency union is established, due to a number of structural reasons (e.g., di↵erent exposure of the countries to the exchange rates movements outside the Eurozone or heterogeneities in the productivity growth of tradables and nontradables sectors, i.e. the Balassa-Samuelson e↵ect).
Despite these results, that seem to conjecture a clusterization of the EMU countries around di↵erent steady state inflation rates, the analysis of the short-term inflation dynamics also matters in determining to what extent the EMU is contributing to maintain price stability in Europe, which is one of the major aims of the currency union ( Taking as a matter of fact that the inflationary processes may be converging to di↵erent steady state values, this paper o↵ers a nonparametric analysis of whether the entrance in the Eurozone has made the price dynamics more homogeneous in terms of short-term trend and volatility. Assuming that inflation dynamics follows a Markovian di↵usion process, in Section 2 we propose a nonparametric dissimilarity measure based on an estimate of the Markovian structure of the processes. In Section 3 we examine -via a cluster analysis based on this distance -the similarities of price dynamics inside the Eurozone. In Section 4 a structural change point analysis is conducted in order to show the fragility of the emerging clustering pattern. Figures are collected at the end of the paper.
The method
If we assume that inflation dynamics can be modeled as a di↵usion process, we can estimate nonparametrically its Markov operator, which is entirely characterized by the drift and volatility of the process itself. A dissimilarity measure between operators is defined, such that a clusterization of the processes can be proposed, that illustrates to what extent belonging to the EMU generates more homogeneous price dynamics. Compared to Palomba et al. (2009) , this approach is totally nonparametric and hence less model dependent or, in other words, more robust to model misspecification.
Markov operator
Denote by X t = X(t) the value of a time series at time t. We assume in this paper that each time series is a di↵usion process satisfying the stochastic di↵erential equation of the form dX t = b(X t )dt + (X t )dW t , t 0, where {W t , t 0} is a Wiener process, b(·) (the drift function) and (·) (the di↵usion coe cient or volatility) are su ciently smooth functions so that the stochastic process is well defined (see Iacus, 2008) . Despite being the time series a continuous time process, we assume it is observed at regularly spaced discrete times t i = i , > 0, i = 0, 1, . . . , n: denote by X i = X t i = X(t i ) the observation at time t i . The above process X t is a Markov process and it is completely characterized by the functions b(·) and (·) in the sense that the transition density of X t given X s = x, s < t, depends only on b(·), (·), t s and x.
While a Markov chain is characterized by a discrete state space (i.e. the sets of possible values taken by the process) and discrete time evolution, the di↵usion process takes values on a continuous state space and evolves in continuous time. Therefore, while a Markov chain is associated to its transition matrix, the di↵usion process is associated to its Markov operator. Let f (·) be any integrable function, then the Markov operator of X t can be defined as
Now, if one can estimate the Markov operator from the data, one can also possibly identify the process and in particular the invariant law µ b, of X t , which depends only on the couple (b, ). For Markov chains, f (x) = 1 {X i =j} , then E{f (X i )|X i 1 = k} = P (X i = j|X i 1 = k) = p jk is the usual transition probability. For di↵usion processes, the state k is replaced by the real number x and the transition is given for all possible time lags t i t i 1 , such that the Markov operator can be intuitively associated to a matrix with an (uncountable) infinite number of rows and columns.
De Gregorio and Iacus (2010) proposed a dissimilarity measure between two Markov processes, based on the distance between the estimators of P for two time series. In fact, for a given L 2 -orthonormal basis of functions { j (·), j 2 J}, where J is an index set, it is possible to obtain the matrixP (X) = [(P ) j,k (X)] j,k2J , where
The matrixP (X), which is a nonparametric estimator of P (Gobet el al., 2004), can be used as a "proxy" of the probability structure of the model. Therefore, we can introduce the following dissimilarity measure (De Gregorio and Iacus, 2010). Let X and Y be discrete time observations from two di↵usion processes: the Markov operator dissimilarity is
where (P ) j,k (·) is calculated as in (1) separately for X and Y.
Dissimilarity between cluster solutions
In order to compare the clusterings proposed in di↵erent studies about the inflation dynamics in the Eurozone ( 
and the the final cluster similarity index is given by the formula
Both sim(·) and Sim(·)2 [0, 1]. Note, besides, that the number of units and groups may di↵er between the two clusterings.
Clustering the short-run inflationary processes
We examine the inflation processes of the EU-27 countries over the period December 1996 to November 2012, using the monthly HICP (Harmonized Index of Consumer Prices) data provided by the ECB Statistical Data Warehouse 2 .
Consider first a cluster analysis of the Markovian operators on the whole period, in See http://sdw.ecb.europa.eu/browse.do?node=9138811. Data are seasonally unadjusted, since seasonality is not relevant to the techniques adopted in the paper.
order to let the di↵erence between Euro and non-Euro countries emerge (See the dendrogram in Fig. 1 ). The separation of the non-Euro Eastern Europe countries is quite neat, with the only exception of Estonia, which still joined the Eurozone only in 2011. Inside the main group we find, in a separate small cluster, two countries that do not belong to the Eurozone (United Kingdom and Czech Republic). Three other clusters can be identified:
• the first covers the largest part of the Central and Northern EU. Sweden and Denmark, though not belonging to the EMU, are included in this cluster;
• the second is formed by Southern Europe countries (Italy, Portugal, Cyprus, Malta), with the addition of the Netherlands;
• the third is made by Southern and Eastern countries and also includes Luxembourg and -as a sort of singleton -Ireland. Poland is the only non-Euro country included.
Figure 1 about there
The evolution of the pattern can be followed by decomposing the analysis into subperiods. We have analyzed separately the pre-Euro period Dec. 1996 to Dec. 1998 ( Fig.  2-(a) ) and the subsequent Jan. 1999 to Nov. 2012 period (Fig. 2-(b) ), which has been furtherly decomposed into Jan. 1999 to Dec. 2004 ( Fig. 2-(c) ) and Jan. 2005 to Nov. 2012 ( Fig. 2-(d) ).
Two persistent features characterize the clusterization:
• an Eastern Europe cluster, composed by non-Euro countries, is formed. Slovenia and Slovakia leave the cluster when they enter EU and adopt Euro 3 . As a partial exception, Estonia -which adopt Euro only in 2011 -is assimilated to the CentralWestern countries in the 1999-2004 period, but is still grouped with the Eastern countries in the subsequent period.
• among the Central-Western countries, two main clusters can be identified, grouping the old EU-15 countries: the first include Germany, France, Belgium, Austria, Finland, Sweden, Denmark, Uk; the second is composed by Southern Europe countries toghether with Ireland, the Netherlands and Luxembourg. It is worth noting the strict similarity with the clusterization proposed by Busetti et al. (2007) (notice, in Tab.1, the high values of the cluster similarity index between our Fig. 1 and Fig. 2 -a,b,c, and their clusters): they apply stationarity tests to investigate whether inflation di↵erentials among the EMU countries changed since 1998, i.e. due to the adoption of Euro, identify the same two groups and name them respectively "low inflation rates" and "high inflation rates" countries 4 
Structural change point analysis
We want to test whether the volatility of the single-country inflationary processes has significantly changed after the entrance of the country in the Eurozone. This means to calculate the "change points" of the processes. In other words, we have to verify whether at some time ⌧ the structure of the stochastic model changes.
Formally, the existence of a change point at time ⌧ 2 [0, T ] means that the process
, where for simplicity we assume that the di↵usion coe cient has a multiplicative form, i.e. (X t , ✓) = p ✓ (X t ), so that the change in volatility is captured by the Italy is a sort of singleton in Busetti et al. (2007) , while is included in the Southern countries cluster in our analysis.
scaling factor ✓. The coe cients b(·) and (·) are supposed to be unknown and estimated nonparametrically as in De Gregorio and Iacus (2010) .
Figure 3 about there
The results show a recent increase in price volatility, particularly for the EU-15 countries (see Fig. 3 ). For 21 out of the EU-27 countries, in fact, the change point corresponds to an increase in volatility (i.e. ✓ 1 < ✓ 2 ); for 18 countries the change points are distributed between 2004 (the year of EU enlargement to 10 new countries, mostly from Eastern Europe) and 2008 (the beginning of the global economic crisis). 5 In particular, 11 out of the EU-15 countries exhibit an increase in inflation volatility between 2004 and 2008. We can conclude that, starting from 2004, a higher instability has characterized the European price dynamics and has perturbed the short-run inflation pattern previously registered. 
